besity is a major risk factor for cardiovascular disease and as measures of obesity, the body mass index (BMI), waist circumference (WC) and waist-to hip ratio (WHR) are the most frequently used. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] In the new criteria for 'obesity disease' in Japan recently developed by the Japan Society for the Study of Obesity, visceral fat area (VFA) of 100 cm 2 was proposed as a cut-off point for defining obesity, or alternatively a WC of 85 cm in men and 90 cm in women could be considered because these values approximated the VFA. 11 More recently, in their study involving 27,000 participants from 52 countries, Yusuf et al have shown that WHR showed a graded and highly significant association with myocardial infarction risk worldwide, and stated that a definition of obesity based on WHR increased the estimate of myocardial infarction attributable to obesity in most ethnic groups. 4 Accordingly, we examined the relationship between each obesity measure and metabolic risk factors in a community-based population in Japan.
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Methods

Participants
Of 2,892 local residents who underwent a mass medical examination in 1999 at Shigaraki town (the town name at the time of the study; population of approximately 15,000), a mountain farming community in central Japan, a total of 2,395 participants who gave informed consent after a full explanation of this study were enrolled. 18, 19 Of these participants, 381 were excluded for the following reasons: 146 had a history of transient ischemic attack, stroke, angina pectoris, or myocardial infarction; and 235 were outside the age range of 30 to 79. We thus had 2,014 participants (759 men, 1,255 women). The study was approved by the Institutional Review Board of Shiga University of Medical Science (No. [11] [12] [13] [14] [15] 1999 ).
Anthropometric and Blood Pressure (BP) Measurements
The waist and hip circumferences were measured with a standard tape measure while the subject was standing. WC was measured over the unclothed abdomen at the level of the umbilicus, and hip circumference was measured over a light undergarment at the level of the widest diameter around the buttocks. Both measurements were taken by the same person, each measurement was performed in triplicate and the average value was used to calculate the waist and hip circumferences. Systolic BP (SBP) and diastolic BP (DBP) were measured twice by a well-trained nurse using a standard sphygmomanometer on the right arm while the subject was seated after having rested for at least 5 min. Korotokov's 1st and 5th points were regarded as the SBP and DBP, respectively. The mean of the 2 measurements from each subject was used for the data analysis. BMI was calculated as weight (kg) divided by the square of the height (m).
Assessment of Lifestyle Factors
Daily alcohol intake and number of cigarettes smoked per day was assessed by face-to-face interview. Current smoking was defined as smoking cigarettes during the past month. Alcohol drinkers were defined as those drinking alcohol on 2 days per week or more. Ethanol consumption per day was estimated assuming that concentrations of alcohol were 5% for beer, 12% for wine, 40% for liquor, 16% for sake (Japanese rice wine) and 25% for shochu (Japanese spirits made from barley, sweet potato, or rice or any combination of these). 20 
Biochemistry
Non-fasting blood was drawn and hemoglobin A1c (HbA1c), and serum total cholesterol, high-density lipoprotein-cholesterol (HDL-C), triglycerides (TG) and glucose concentrations were determined at a single laboratory (Medic, Shiga). The measurement precision and accuracy of the serum lipids were certificated through a lipid standardization program by Osaka Medical Center for Cancer and Cardiovascular Diseases, which is a member of the Cholesterol Reference Method Laboratory Network (CRMLN) controlled by the Centers for Disease Control and Prevention (Atlanta). 21 HbA1c was measured by the latex particle agglutination method.
Metabolic Risk Factors
Besides obesity, we defined 4 metabolic risk factors in the present study as follows: high BP was defined as SBP ≥130 mmHg, or DBP ≥85 mmHg, or the use of antihypertensive agents. Impaired glucose tolerance was defined as HbA1c ≥5.6% or on medication for diabetes. 22 High TG was defined as non-fasting serum concentration ≥170 mg/dl. 23 Low HDL-C was defined as serum concentration <40 mg/dl for men and women. The risk _ sum was defined as the sum of these 4 metabolic risk factors for each participant (0-4).
Statistical Analysis
SAS version 9.1 for Windows (SAS Institute, Cary, NC, USA) was used for all analyses. The Pearson correlation coefficient was used to test the correlation between BMI and WC in men and women, separately. The participants were divided into 4 groups according to BMI-WHR at the median of each variable for men or women. Male and female data were combined for the analyses. The participants were also divided into 4 groups according to WC-WHR and BMI-WC at the median of each variable for men and women. The t-test was used to compare the means of continuous variables in 2 groups and the chi-square test was used to compare dichotomous variables. To compare the means of risk _ sum among the 4 groups, one-way analysis of variance adjusted for age and sex followed by the Tukey's multiple comparison test was used. Partial correlation coefficients were calculated for BMI, WC or WHR and the 4 metabolic risk factors, as well as the risk _ sum after adjustment for age and sex. The relative ability of the 3 measures of obesity to predict the risk _ sum ≥2 was evaluated in men and women separately by calculating the area under the receiver-operating characteristic (ROC) curves using SAS logistic procedure. Area under the ROC curve Sensitivity analyses were performed for the above Tukey's multiple comparison test, ROC analysis and partial correlation coefficients analysis by changing the cut-off value for the definition of high TG from 170 to 150, and to 200 mg/dl, and by changing the cut-off value of HbA1c for the definition of impaired glucose tolerance from 5.6% to 6.0%.
All p values were 2-tailed, and p<0.05 was considered significant. Table 1 shows the characteristics of the male and female participants. Among the 3 obesity measures, the mean BMI was similar in both sexes; however, the mean WC and WHR were larger in men than in women. The medians of BMI, WC and WHR were 22.56 kg/m 2 , 82.0 cm, and 0.882, respectively, for men and 22.33 kg/m 2 , 72.0 cm, and 0.787, respectively, for women. Half of the male participants were current smokers compared with 6.2% of the female participants. More than half of the male participants had drank alcohol compared with 7.8% of the female participants. Approximately 20% of the participants were taking antihypertensive medications. Fig 1 shows the correlation between BMI and WC in the men and women, which was good in both sexes. Table 2 shows the combined characteristics of the men and women and the risk factors according to BMI and WHR categories divided into 4 groups at the median of each variable. Regardless of whether a participant's BMI was above or less than the median, the mean age and the frequencies of risk components were higher in those with a WHR larger than or equal to the median than in those with a WHR less than the median. One-way analysis of variance adjusted for age and sex followed by the Tukey's multiple comparison test showed statistically significant (p<0.0001) differences between the mean risk _ sum of the BMI < median & WHR < median group and that of the BMI < median & WHR ≥ median group, between the mean risk _ sum of the BMI < Median & WHR < median group and the BMI ≥ median & WHR < median group, and between the mean risk _ sum of the BMI < median & WHR ≥ median group and the BMI ≥ median & WHR ≥ median group. Table 3 shows the combined characteristics of the men and women and the risk factors according to WC and WHR categories divided into 4 groups at the median of each variable for the men or women. Regardless of whether a participant's WC was above or less than the median, the mean age and the frequencies of risk components were higher in those with a WHR larger than or equal to the median than in those with less than the median WHR. One-way analysis of variance adjusted for age and sex followed by the Tukey's multiple comparison test showed statistically significant (p<0.0001) differences between the mean risk _ sum of the WC < median & WHR < median group and that of the WC < median & WHR ≥ median group, between the mean risk _ sum of the WC < Median & WHR < median group and the WC ≥ median & WHR < median group, and between the mean risk _ sum of the WC < median & WHR ≥ median group and the WC ≥ median & WHR ≥ median group. Table 4 shows the combined characteristics of the men and women and the risk factors according to BMI and WC categories divided into 4 groups at the median of each variable for the men or women. The results were essentially similar to those in Tables 2 and 3. Table 5 shows the results of the partial correlation coefficients analyses. All 3 measures of obesity correlated significantly and very well with the 4 metabolic risk factors and the risk _ sum.
Results
The area under the ROC curve for BMI, WC and WHR to predict the risk _ sum for men was 0.683, 0.709, and 0.700, respectively; and 0.715, 0.739, and 0.746, respectively, for women.
Sensitivity analyses by changing the cut-off value of TG for the definition of high TG from 170 to 150 and to 200 mg/dl, and by changing the cut-off value of HbA1c for the definition of impaired glucose tolerance from 5.6% to 6.0%, on the Tukey's multiple comparison test, ROC analysis and the partial correlation analyses yielded results generally similar to those for the main analyses.
Discussion
The present study has shown that BMI and WC correlated well in men and women, and all 3 obesity measures (ie, BMI, WC and WHR) related to metabolic risk factors fairly well by multiple comparison test. However, according to the ROC analyses WHR may predict the risk _ sum ≥2 better than the other 2 measures, especially in women.
The merits of using BMI as an obesity measure are that it can be obtained easily from weight and height data, even from data taken many years ago when WC was not routinely obtained. Measurement errors in BMI appear to be smaller than for WC. However, WC has become the preferred measure for abdominal obesity, because it is the best surrogate measure for VFA or mass, as estimated from computer tomography. 11, 24 Several cross-sectional studies have related WC to the prevalence of diabetes 25 and cardiovascular risk factors. 11, 12, 26 However, prospective studies regarding the association between each obesity measure and cardiovascular hard endpoints are needed to know which is the best measure of obesity. Several previous studies have examined the association of BMI, WHR, or WC, with cardiovascular disease, 1-17 but their results have been conflicting. Some suggest that BMI is better than or at least as good as abdominal obesity. 8, 14, 15 As to those who have a low BMI, some studies report they had excess cardiovascular mortality, especially if elderly or male, 2,15 whereas others deny this association regardless of age. 4, 8 Recently, in their case -control study involving 27,000 participants from 52 countries, Yusuf et al showed that among the obesity measures, WHR had a graded and strongest association with myocardial infarction risk in men and women, across all age and ethnic groups, in those with and without other cardiovascular risk factors. 4 The importance of WHR was observed in the present study, too. The reasons for WHR being better than WC as a measure of risk may be as follows. First, the adjustment effect of measures of WC for pelvic girth. Second, and more importantly, the fact that WC and hip circumference have independent and opposite effects on cardiovascular risk. Namely, it has been noted in previous studies that hip circumference has an inverse association with cardiovascular risk factors or risk of myocardial infarction. 4, 13 Therefore, the division of WC by hip circumference should result in a stronger indicator for risk. Several factors have been postulated to account for the opposing effects of abdominal and lowerbody fat on cardiovascular risk: humoral factors, 27, 28 different biochemical characteristics of fat in the 2 regions, 29, 30 and larger hips possibly reflecting increased gluteal muscle or an increased overall skeletal muscle mass.
The main strength of the present study is its populationbased samples. The study is limited by (1) its cross-sectional design, which meant we could not evaluate prognostic significance of the obesity measures, and (2) not having fasting blood samples. However, the cut-off values for nonfasting HbA1c and TG used in the present study are evidence-based. In their study on the utility of HbA1c in predicting diabetes risk, Edelman et al found that the annual incidence of diabetes significantly increased in patients with baseline HbA1c ≥5.6%. 22 Iso et al found an association between non-fasting TG and the risk of coronary heart disease at TG concentrations >171 mg/dl. 23 Furthermore, in the present study sensitivity analyses by changing the cut-off value of TG and HbA1c for the definition of high triglycerides and impaired glucose tolerance yielded results generally similar to those for the main analyses.
In conclusion, because BMI and WC correlated very well in men and women, BMI may be used instead of WC when the latter is not available, such as in a cohort study. When WC is measured, hip circumference also should be measured because based on the ROC analyses in the present study WHR may be the most valuable measure of obesity.
